M
any studies have investigated risk factors for type 2 diabetes (1). For instance, it has been well established that family history of type 2 diabetes has been found to be associated with an increased risk of developing the disease (2, 3) . However, few studies have evaluated the effects of family history on poor glycemic control, which has been found to be associated with many serious complications among individuals living with type 2 diabetes (4, 5) . Consequently, family history continues to be underutilized in disease prevention (6, 7) and not often considered after the initial disease diagnosis.
Family history could have effects on glycemic control via genetic or behavioral mechanisms. For example, individuals with diabetes who have a parental history of type 2 diabetes may have worse glycemic control, in part due to the genetic risk factors of the disease, which may then influence the severity or duration of the condition. Alternatively, they could have better glycemic control, in part due to improved knowledge of the disease or health behaviors as a result of having affected family members. We conducted a study to quantify these effects and determine their overall effect on glycemic control.
This study has important clinical practice implications. If glycemic control is associated with family history, it is possible that given a patient's family history, clinicians will have insight into not only their risk of developing type 2 diabetes but also its severity.
RESEARCH DESIGN AND METHODS -The participants were 542 African Americans from Baltimore, Maryland, who were enrolled in Project Sugar 2, a randomized controlled trial to study the effects of nurse case manager and community health worker team interventions in improving diabetes control. Potential participants were identified using a university-affiliated managed care organization database and met the following criteria: aged Ն25 years, presence of type 2 diabetes (ICD-9 ϭ 250), and no evidence of significant comorbid conditions likely to lead to death within the next 3-5 years (e.g., cancer, AIDS, endstage renal disease, active tuberculosis, Alzheimer's disease, and congestive heart failure). These potential participants were then screened by telephone to determine whether or not they met the study's eligibility criteria: African American by selfreport, Baltimore city resident, age Ն25 years, receiving care at one of the six clinic sites, and no active participation in other disease management programs of the managed care organization. Other exclusion criteria was determined during the baseline screening visit, including inability or unwillingness to give informed consent, inability to complete the baseline assessment (interview, clinical measures, and venipuncture), or having a severe psychiatric health condition. Of the 2,450 individuals who were screened, 542 agreed to enroll in the trial. Additional details of the recruitment process and characteristics of participants and nonparticipants can be found elsewhere (8) . The roughly 3:1 female:male ratio shown in our study was also noted in the non-participants, most likely reflecting that women with diabetes are more likely than men with diabetes to be enrolled in primary care.
For the present analysis, we excluded 183 individuals because they either were missing a measured A1C value (n ϭ 14) or were unaware of their parental diabetes history (n ϭ 169). This left us with 359 participants. When we compared the included and excluded individuals, those included tended to be younger (56.2 vs. 60.2 years, P Ͻ 0.001) and have less education (15.9% vs. 24.6% with more than a high school education, P ϭ 0.005).
Other selected characteristics such as sex, type 2 diabetes duration, BMI, glucose levels, A1C, and presence of hypertension (defined as having a systolic or diastolic blood pressure Ն130 or 80 mmHg, respectively) were not significantly different.
Family history of diabetes
Family history was characterized through an interview-administrated questionnaire. Participants were asked about the medical histories of their biological mother and father, including details concerning whether they were alive or deceased and their diabetes status. We then grouped the individuals who knew their family history, depending on whether they had zero, one, or two parents affected with diabetes. In addition, we classified the individuals as having negative parental history if both parents had never had diabetes or positive parental history if at least one parent had diabetes.
Glycemic control A1C is a general measure of diabetes control and an indicator of an individual's blood glucose control over the past 2-3 months (9). A1C of Ͻ7% is a recommended aim for individuals with diabetes (9), with higher A1C corresponding to a higher mean plasma glucose level, indicating worse glycemic control (10) . In this study, A1C was measured using venipuncture-drawn blood samples and highpressure liquid chromatography.
Confounders/mediators
Potential confounders or mediators of the association between family history of diabetes and glycemic control, age, sex, duration of diabetes, and knowledge and perception of adequate glycemic control were determined by questionnaire. BMI was calculated using measured height and weight.
Data analysis
Student's t tests and 2 tests were used to evaluate the differences in characteristics between the participants either included or excluded from this study. These tests were also used to compare selected characteristics and perceptions of the included participants having a positive parental diabetes history with those included and having a negative history. Multiple linear regression models were used to determine the crude association between A1C and type 2 diabetes parental history with the ␤-coefficients representing the difference in mean A1C between having a negative and positive diabetes parental history. These models were then adjusted to account for potential confounders/mediators in stages: stage 1, age and sex; stage 2, plus BMI; and stage 3, plus diabetes duration. All data analysis was completed using Stata statistical software (StataCorp, College Station, TX), and significance was determined by an ␣ level of 0.05.
RESULTS
Selected characteristics of the study participants Selected sociodemographic, behavioral, and clinical characteristics of the 359 included study participants are shown in Table 1 . The 150 participants with a negative parental history had a mean age of 59.2 years, which was significantly older than the age of the 209 participants with a positive parental history (mean age 53.9 years). Random (nonfasting) glucose levels were significantly higher in the participants with a positive parental history (P ϭ 0.004). Type 2 diabetes duration was slightly higher in the participants with a positive parental history, but that finding was not significantly significant. Participants with a negative family history and those with a positive parental history were predominantly women (24.7% of men had a negative parental history and 27.3% of men had a positive parental history). The majority of both groups had an education level between 8 and 12 years (no significant difference). These characteristics and others such as BMI, waist-to-hip ratio, cholesterol and HDL cholesterol concentrations, hypertension, diastolic blood pressure, and systolic blood pressure were not significantly different by parental history of diabetes. Association between A1C and parental history In the box plot graph shown in Fig. 1 , individuals with affected parents tended to have significantly higher A1C (unadjusted P ϭ 0.011). In addition, with an increasing number of affected parents, the mean A1C increased. After adjustment for age and sex, the relationship persisted. However, after further adjustment for duration of diabetes, the P value became nonsignificant (P ϭ 0.09). Linear regression models of the association between A1C and parental history are shown in Table 2 . There was a strong significant association between A1C and parental history (␤ ϭ 0.67 and P ϭ 0.006). Even with adjustments for age, sex, and BMI, the association was still significant (␤ ϭ 0.58 and P ϭ 0.02). However, after consideration of duration of diabetes as a factor, this association was no longer significant (␤ ϭ 0.40 and P ϭ 0.11).
Knowledge and perception of adequate glycemic control Of the 359 participants, 284 answered questions based on their knowledge and perception of glycemic control (Table 1) .
Individuals with a positive parental diabetes history tended to report slightly higher blood glucose levels before calling a doctor (287.02 vs. 259.59 mg/dl, P ϭ 0.04). Perception of perfect blood glucose levels did not differ significantly between those with negative or positive diabetes parental history.
CONCLUSIONS -Our findings point to several conclusions about this population of urban African Americans with type 2 diabetes. It is evident that a high proportion of urban African Americans are not completely aware of the diabetes statuses of their parents. However, among those who knew their parental diabetes history, a positive parental history of type 2 diabetes was associated with worse glycemic control, as indicated by longer duration of diabetes. This positive parental history of diabetes was not associated with better knowledge or perception of adequate glycemic control.
A strong association between A1C and parental history was shown, even with adjustments for age, sex, and BMI, indicating that these were not factors that significantly influenced the relationship. However, duration of diabetes caused the association to become no longer significant.
It is possible that the association between a positive parental history of diabetes and worse glycemic control is largely accounted for by the association of parental history with longer diabetes duration. Therefore, the fact that urban African Americans with type 2 diabetes and a positive parental history of diabetes tended to have worse glycemic control may be related to development of diabetes at an earlier age, causing a longer duration of the condition. The age of an individual when the disease is diagnosed is an important factor in determining further family history risk (7) .
Those with a positive parental history tended to report higher blood glucose levels before calling a doctor, which may indicate that they underestimate the seriousness of their diabetes (11) . For instance, these individuals may be accustomed to seeing family members having higher blood glucose levels and may be less concerned about the severity of the disease than those who do not have as much family experience with diabetes. Also, we found that individuals with a positive parental history have higher blood glucose levels, indicating that there may be differences in care and selfmanagement.
The data also show that participants with a negative family history tended to be older than those with a positive parental history. This may be because older individuals are more likely to forget their parental history, and those who were not aware of their parental history were classified as having a negative history. Another possibility is that participants with a negative parental history tend to live longer. This is especially probable given the possibility that those with negative histories may have less severe diabetes because they tend to have a slightly shorter duration of the disease and lower fasting glucose levels. Genetic risk factors may have contributed to the significantly higher glucose levels present in those with positive histories, giving these individuals more severe cases of diabetes.
Our study has several strengths. It is one of the first studies to investigate the association between parental history of type 2 diabetes and glycemic control among African Americans. Although the association between parental history and the risk of diabetes has been well established (12), this study is unique as it re- lates parental history to glycemic control. This association adds further evidence of genetics contributing not only to diabetes incidence (13) but also to hyperglycemia (14) and increased severity of disease. In addition, this study includes a large sample of urban African Americans and is clinic based, indicating that the conclusions drawn here may be applicable to this population as a whole.
The study also has a few limitations. A large proportion of the participants were unable to provide parental history information. These individuals were then dropped from the study, decreasing the sample size. Even with the included participants, there is the possibility of family history misclassification. Finally, there are limited data on participants' health behaviors. From this study, we are unable to tell whether other health-related actions influenced the association between parental history and glycemic control.
In this study, there is evidence of an association between parental history of type 2 diabetes and glycemic control in urban African Americans with diabetes. This finding can have important clinical implications in how clinicians use parental history in treating individuals with diabetes. Because the sample size of this study was small, larger datasets are needed to confirm this relationship.
